Nivolumab, a programmed death-1 inhibitor, prolonged overall survival compared with docetaxel in two independent phase III studies in previously treated patients with advanced squamous (CheckMate 017; ClinicalTrials.gov identifier: NCT01642004) or nonsquamous (CheckMate 057; ClinicalTrials.gov identifier: NCT01673867) non-small-cell lung cancer (NSCLC). We report updated results, including a pooled analysis of the two studies.
INTRODUCTION
Lung cancer is the most common cancer and the leading cause of cancer-related deaths globally. 1 Non-small-cell lung cancer (NSCLC) accounts for 85% to 90% of lung cancers. 2 Historically, effective treatment options were lacking for patients with NSCLC without actionable driver mutations who experienced disease progression after first-line platinum-based chemotherapy. Recognition of the key role of immune system evasion by tumors in cancer pathogenesis, however, has spurred development of immune checkpoint inhibitors for the treatment of various malignancies, including NSCLC. 3, 4 Nivolumab is an anti-programmed death-1 (PD-1) inhibitor antibody with robust efficacy and a manageable safety profile across multiple tumor types. [5] [6] [7] [8] [9] [10] [11] In two randomized, open-label, Author affiliations and support information (if applicable) appear at the end of this article.
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Clinical trial information: NCT01642004 and NCT01673867.
phase III studies in patients with advanced squamous (CheckMate 017; ClinicalTrials.gov identifier: NCT01642004) 5 or nonsquamous (CheckMate 057; ClinicalTrials.gov identifier: NCT01673867) 6 NSCLC and disease progression during or after platinum-based chemotherapy, nivolumab significantly prolonged overall survival (OS) and had a favorable safety profile compared with docetaxel. On the basis of the results from CheckMate 017 and CheckMate 057, nivolumab was approved in the United States, 12 the European Union, 13 and other countries for use in previously treated advanced NSCLC. Long-term efficacy and safety data for immune checkpoint inhibitors are limited in patients with NSCLC, especially in randomized studies, compared with chemotherapy. Five-year followup from a phase I single-arm nivolumab study in 129 heavily pretreated patients with advanced NSCLC showed durable survival, with a 5-year OS rate of 16%.
14 We report updated efficacy and safety data for nivolumab in patients with advanced NSCLC from the CheckMate 017 and CheckMate 057 trials with a minimum follow-up of 2 years in all patients.
METHODS

Patients
Eligibility criteria for CheckMate 017 and CheckMate 057 have been previously described. 5, 6 Briefly, patients had stage IIIB/IV NSCLC with squamous (CheckMate 017) or nonsquamous (CheckMate 057) histology. In both studies, patients were required to be $18 years of age; to have an Eastern Cooperative Oncology Group performance status of 0 or 1, measurable disease per Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1) 15 ; disease recurrence or progression during or after one prior platinum-based chemotherapy regimen; and to submit a recent or archival tumor sample for biomarker analyses. In CheckMate 057, an additional line of prior targeted tyrosine kinase inhibitor therapy was permitted in patients with known EGFR mutations or ALK translocations. Key exclusion criteria for both studies were autoimmune disease, active interstitial lung disease, systemic immunosuppression (eg, 10 mg daily prednisone) within 14 days, and prior treatment with T-cell costimulation or immune checkpoint-targeted agents or docetaxel.
Study Design
CheckMate 017 and CheckMate 057 were international, randomized, open-label, phase III studies. 5, 6 In each trial, patients were randomly assigned 1:1 to receive nivolumab (3 mg/kg every 2 weeks) or docetaxel (75 mg/m 2 every 3 weeks). Random assignment was stratified by prior paclitaxel use (yes v no) and geographic region (United States or Canada v Europe v rest of the world [Argentina, Australia, Chile, Mexico, and Peru]) in CheckMate 017 and by prior maintenance treatment (yes v no) and line of therapy (second v third) in CheckMate 057.
Patients continued study treatment until disease progression, unacceptable toxicity, or other protocol-specified reasons. Patients in the nivolumab groups were permitted to continue study treatment after initial disease progression if the investigator determined a clinical benefit and the study drug was tolerated. In the crossover/extension phases of these studies, opened after completion of the primary analyses, patients in the docetaxel groups who were no longer deriving benefit per the treating investigator were eligible to receive nivolumab after a 3-week washout period of prior systemic anticancer therapy.
The studies were conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonization Good Clinical Practice Guidelines. The study protocols were approved by an institutional review board or independent ethics committee at each site. All patients provided written informed consent.
Assessments
Tumors were assessed by investigators per RECIST v1.1 at baseline, at 9 weeks, and every 6 weeks thereafter. Patients were followed continuously for survival while receiving study treatment and every 3 months after treatment discontinuation.
Safety was based on reports of adverse events (AEs) and laboratory assessments and monitored throughout the treatment period and at two follow-up visits within 100 days since the last dose of study treatment or before the start of crossover treatment. The severity of AEs was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0). Select AEs (ie, those with a potential immunologic cause that may require management through immunemodulating medications such as corticosteroids) were grouped according to prespecified categories (endocrine, GI, hepatic, pulmonary, renal, skin, and hypersensitivity/infusion reaction).
Expression of PD-1 ligand 1 (PD-L1) protein was assessed in archival or recent pretreatment tumor biopsy specimens at a central laboratory by using a validated automated immunohistochemical assay (PD-L1 IHC 28-8 pharmDx; Dako, Carpinteria, CA) as previously described. 5, 6 PD-L1 expression was classified according to prespecified levels ($ 1%, $ 5%, and $ 10%) and a post hoc level of $ 50%.
Statistical Analysis
Efficacy was assessed in all randomly assigned patients, and safety was assessed in all patients who received one or more doses of study drug. The primary end point of each study, OS, and secondary end points, including objective response rate, progression-free survival (PFS), and efficacy according to PD-L1 protein expression, have been reported. 5, 6 This update (February 18, 2016 , database locks) represents a 24-month follow-up analysis corresponding to an additional 13.6 and 11.0 months of minimum follow-up (defined as the time since random assignment of the last patient to the database lock) in CheckMate 017 and CheckMate 057, respectively, since the primary analyses.
Time-to-event end points were compared between treatment groups by using a two-sided log-rank test adjusted for stratification factors for each study; hazard ratios (HRs) and CIs were estimated by using a stratified Cox proportional hazards regression model. Survival curves and rates were estimated by using the Kaplan-Meier method. Post hoc analyses of the treatment effect of PD-L1 expression on OS in the pooled squamous/ nonsquamous NSCLC population and of best overall response on OS in each trial were performed, including unstratified HRs and 95% CIs. Safety was analyzed in the pooled squamous/nonsquamous NSCLC population.
RESULTS
Patients and Treatment
As previously reported, 5, 6 baseline characteristics were generally well balanced between patients randomly assigned to receive nivolumab (CheckMate 017, n = 135; CheckMate 057, n = 292) and those randomly assigned to receive docetaxel (CheckMate 017, n = 137; CheckMate 057, n = 290; Data Supplement). Patient disposition in each study (as of the February 18, 2016, database locks; minimum follow-up, 24 .2 months among patients alive and in the study) is shown in Figure 1 . At 2 years, 15 (11%) of 131 patients with squamous NSCLC treated with nivolumab and 34 (12%) of 287 patients with nonsquamous NSCLC treated with nivolumab remained on treatment; no docetaxel-treated patients remained on treatment.
In the nivolumab and docetaxel groups, respectively, 55 patients (41%) and 44 patients (32%) with squamous NSCLC and 133 patients (46%) and 150 patients (52%) with nonsquamous jco.org NSCLC received other systemic therapy subsequent to study treatment, most commonly chemotherapy (Data Supplement). In the docetaxel groups, 11 patients (8%) with squamous NSCLC and 28 (10%) with nonsquamous NSCLC received anti-PD-(L)1 or anti-cytotoxic T-lymphocyte-associated antigen 4 immunotherapy either during crossover or as subsequent therapy poststudy.
Efficacy
As reported in the primary analyses, 5, 6 OS remained longer with nivolumab than with docetaxel regardless of histology, with median OS in each study largely unchanged with longer follow-up (Figs 2A and 2B) . Differences in OS rates between the nivolumab and docetaxel groups were consistent at 1 and 2 years. KaplanMeier-estimated 2-year OS rates were 23% (95% CI, 16% to 30%) with nivolumab versus 8% (95% CI, 4% to 13%) with docetaxel in patients with squamous NSCLC and 29% (95% CI, 24% to 34%) with nivolumab versus 16% (95% CI, 12% to 20%) with docetaxel in patients with nonsquamous NSCLC. Differences in PFS rates, which favored nivolumab over docetaxel, were also consistent at 1 and 2 years (Figs 2C and 2D) . Kaplan-Meier-estimated 2-year PFS rates with nivolumab were 16% (95% CI, 10% to 23%) in patients with squamous NSCLC and 12% (95% CI, 8% to 16%) in patients with nonsquamous NSCLC. Given the level of censoring in this analysis after the 2-year time point, OS and PFS estimates after 2 years should be interpreted with caution. In CheckMate 057, patients who did not have an EGFR mutation derived increased OS and PFS benefits with nivolumab versus docetaxel (Data Supplement), whereas patients with EGFR-positive disease had comparable outcomes with nivolumab and docetaxel. Results are consistent with those previously reported in the primary analysis; small numbers of patients with EGFR-positive disease may affect interpretation of these results. 6 The objective response rates did not change from those reported in the primary analyses 5, 6 and were higher with nivolumab than with docetaxel (Data Supplement). Of confirmed responders in the nivolumab groups, 10 (37%) of 27 patients with squamous NSCLC and 19 (34%) of 56 patients with nonsquamous NSCLC had ongoing responses after 2 years' minimum follow-up; no patients in the docetaxel groups had ongoing responses (Fig 3) . Eight (80%) of 10 patients with squamous NSCLC and 16 (84%) of (Fig 4) .
Efficacy by PD-L1 expression in CheckMate 017 and CheckMate 057 studies. Consistent with the primary analyses (Data Supplement), 5, 6 a 2-year OS benefit with nivolumab versus docetaxel was observed in patients with squamous NSCLC regardless of PD-L1 expression level (Fig 5A) . In patients with nonsquamous NSCLC, higher levels of PD-L1 were associated with a greater magnitude of OS benefit with nivolumab (Fig 5B) , but treatment benefit also was seen in patients with , 1% PD-L1 expression. In patients with $ 50% PD-L1 expression, the HR for OS on the basis of 2 years' minimum follow-up was 0.63 (95% CI, 0.25 to 1.57) for patients with squamous NSCLC (nivolumab, n = 17; docetaxel, n = 10) and 0.38 (95% CI, 0.24 to 0.60) for patients with nonsquamous NSCLC (nivolumab, n = 66; docetaxel, n = 46). Durable responses were observed with nivolumab across histologies and PD-L1 expression levels (Data Supplement). Of five complete responders (one with squamous NSCLC, four with nonsquamous NSCLC), three had $ 1% PD-L1 expression, one had , 1% PD-L1 expression, and one had nonquantifiable PD-L1 expression.
Pooled analysis of CheckMate 017 and CheckMate 057 studies. In the pooled analysis of OS in the intention-to-treat population (N = 854) with squamous (n = 272 [31.9%]) and nonsquamous (n = 582 [68.1%]) NSCLC, median OS was 11.1 months (95% CI, 9.2 to 13.1 months) with nivolumab versus 8.1 months (95% CI, 7.2 to 9.2 months) with docetaxel (HR, 0.72; 95% CI, 0.62 to 0.84; Fig 5C) . Higher PD-L1 expression levels were associated with greater OS benefit with nivolumab (HR, 0.42; 95% CI, 0.28 to 0.63) in patients with $ 50% PD-L1 expression, but a benefit was still observed in patients with , 1% PD-L1 expression (HR, 0.78; 95% CI, 0.61 to 0.99).
Safety
After 2 years' minimum follow-up, the mean treatment duration in CheckMate 017 was 7.5 months (standard deviation [SD], 9.4 months) with nivolumab and 2.5 months (SD, 3.0 months) with docetaxel; median treatment duration was 3.2 months (range, 0 to 33.8 months) and 1.4 months (range, 0 to 20.0 months), respectively. In CheckMate 057, the mean treatment duration was 7.0 months (SD, 9.3 months) with nivolumab and 3.3 months (SD, 3.0 months) with docetaxel; median treatment duration was 2.6 months (range, 0 to 35.7+ months) and 2.3 months (range, 0 to 15.9 months), respectively. Rates of the most frequently reported treatment-related AEs in each study remained similar to those reported in the primary analyses (1 year of minimum follow-up; Data Supplement). 5, 6 In the pooled safety analysis, treatment-related AEs were reported in fewer patients treated with nivolumab than in patients treated with docetaxel after 2 years' minimum follow-up (any grade, 68% v 88%; grade 3 to 4, 10% v 55%, respectively) and less frequently led to treatment discontinuation (any grade, 6% v 13%; grade 3 to 4, 4% v 7%, respectively). The most common treatmentrelated AEs (any grade and grade 3 to 4) were reported in lower proportions of patients treated with nivolumab than in patients treated with docetaxel ( Fig 6A) . No new treatment-related deaths were reported since the primary analyses. 5, 6 Treatment-related select AEs of any grade were observed in 153 patients (37%) treated with nivolumab; 19 (5%) had grade 3 to 4 treatment-related select AEs. The most common treatmentrelated select AEs were of the skin ( Table 1 ). The majority of treatment-related select AEs occurred within the first 3 months of nivolumab treatment (Fig 6B) . Eleven nivolumab-treated patients had first onset of treatment-related select AEs (in skin, GI, endocrine, hepatic, and pulmonary categories) . 1 year after initiating treatment; all were grade 1 or 2. Median times to onset of treatment-related select AEs by category were , 3 months after initiating nivolumab treatment (Fig 6B) , except for pulmonary events (6.97 months).
Treatment-related select AEs in most of the prespecified categories resolved regardless of immune-modulating medication use (Table 1) . Of 36 treatment-related endocrine select AEs, 19 (53%) were considered unresolved because of the need to continue hormone replacement therapy. In patients in whom immunemodulating medications were administered to manage treatmentrelated select AEs, nearly all AEs resolved. Few patients discontinued nivolumab because of treatment-related select AEs (any grade, 17 [4%]; grade 3 to 4, 9 [2%]; Data Supplement).
DISCUSSION
Given significant improvements in OS and improved tolerability compared with docetaxel, PD-(L)1 agents have become the standard of care for patients with NSCLC with progression while receiving or after platinum-based chemotherapy. 16 On the basis of clinically relevant and statistically significant improvements in OS from CheckMate 017 and CheckMate 057, 5, 6 nivolumab was approved by multiple regulatory authorities 12,13 and incorporated into clinical practice guidelines for NSCLC treatment.
16,17 Additional follow-up from these clinical trials is important to determine whether the survival benefit with nivolumab is sustained and whether new or unexpected safety signals arise with prolonged treatment.
This update shows that after 2 years' minimum follow-up, nivolumab continues to demonstrate survival benefit compared with docetaxel in previously treated patients with advanced squamous or nonsquamous NSCLC; long-term efficacy is supported by the 2-year OS and PFS rates, which favor nivolumab over docetaxel. The 2-year OS rates are consistent with those previously reported with nivolumab in a phase I study of pretreated patients with advanced NSCLC.
14 Of note, durable responses were seen with nivolumab. Of 83 patients across the two studies who achieved an objective response, approximately one third had ongoing responses at the 2-year database lock. In contrast, no patients treated with docetaxel had an ongoing response. The post hoc analysis of the treatment effect of best overall response on OS showed that nivolumab prolonged OS not only in responders but also in patients with stable disease, indicating that a response is not a prerequisite for OS benefit.
As reported in the CheckMate 057 primary subgroup analysis, 6 higher levels of tumor PD-L1 expression continued to be associated with a greater magnitude of OS benefit with nivolumab in patients with nonsquamous NSCLC after longer follow-up (2-year OS rate of 48% [95% CI, 36% to 59%] in patients with $ 50% PD-L1 expression). Higher 2-year OS rates were observed with nivolumab versus docetaxel in patients with nonsquamous NSCLC across PD-L1 thresholds, including those with no (, 1%) PD-L1 expression. Deep, durable responses with nivolumab were noted across PD-L1 expression levels. In the pooled safety analysis from CheckMate 017 and CheckMate 057, no new safety signals were identified for nivolumab after 2 years' minimum follow-up. Nivolumab maintained a favorable safety profile compared with docetaxel, with lower rates of commonly reported treatment-related AEs. Most treatmentrelated select AEs occurred within the first year of nivolumab treatment, although some patients experienced new events after . 1 year. Treatment-related select AEs were well managed with protocol-defined toxicity management algorithms and resolved in the majority of patients.
18
The PD-1 inhibitor pembrolizumab and the PD-L1 inhibitor atezolizumab also are approved for treating patients with advanced NSCLC after prior platinum-based chemotherapy, although pembrolizumab is only approved for use in patients with $ 1% PD-L1 expression.
19,20 Approvals of pembrolizumab and atezolizumab were based on results of the randomized phase III trials KEYNOTE-010 (Pembrolizumab Versus Docetaxel for Previously Treated, PD-L1-Positive, Advanced Non-Small-Cell Lung Cancer) 21 Fig 6. (A) Treatment-related adverse events (AEs) reported in $ 10% of patients and (B) time to onset of first treatment-related select AE in patients treated with nivolumab (pooled patients with squamous and nonsquamous non-small-cell lung cancer [NSCLC] ). (*) Patients with one or more select AEs from first dose until 30 days post-treatment in a given category were counted only once in the time interval corresponding to the first event; patients with multiple events from different categoriesKey differences were found among CheckMate 017, CheckMate 057, KEYNOTE-010, and OAK. Instead of two independent histology-based studies, the primary efficacy analysis populations in KEYNOTE-010 and OAK were mixed, including patients with squamous and nonsquamous NSCLC. Moreover, different assays to determine PD-L1 expression as well as different PD-L1 thresholds for enrollment and efficacy assessments were used. Consistent with KEYNOTE-010 21 and OAK, 22 the pooled OS analysis of CheckMate 017 and CheckMate 057 (which better mirrors the patient populations of KEYNOTE-010 and OAK) showed that higher PD-L1 expression levels were associated with greater OS benefit with anti-PD-(L)1 therapy; this finding was anticipated given the high proportions of patients with nonsquamous histology in these studies (68% in pooled CheckMate 017 and CheckMate 057, 70% in KEYNOTE-010, and 74% in OAK). However, a treatment benefit with nivolumab compared with docetaxel also was observed in patients with , 1% PD-L1 expression in this analysis (HR, 0.78; 95% CI, 0.61 to 0.99).
These updated analyses from CheckMate 017 and CheckMate 057 demonstrate long-term clinical benefit with nivolumab in previously treated patients with advanced squamous and nonsquamous NSCLC, including those with high PD-L1 expression as well as those with no or low PD-L1 expression. Nivolumab showed sustained tolerability, with a favorable safety profile compared with docetaxel. These data support nivolumab as a standard-of-care treatment option in this broad patient population.
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